Aims: Type 2 diabetes mellitus (T2DM) is commonly complicated by renal impairment. Polyethylene glycol loxenatide (PEX168) is a novel long-acting glucagonlike peptide-1 receptor agonist for T2DM. PEX168 pharmacokinetics was studied to identify requirements for dose-modification in T2DM complicated by renal impairment.
| INTRODUCTION
Type 2 diabetes mellitus (T2DM) is an endocrine disorder characterized by hyperglycaemia resulting from variable degrees of insulin resistance and deficiency. 1 The worldwide prevalence of T2DM is estimated at 500 million in 2018. 2 In China, the prevalence of T2DM and prediabetes were estimated at 10.9 and 35.7%, respectively, in 2013. 3 T2DM is manageable using glucose-lowering agents, but is nevertheless associated with increased mortality from multiple causes. 4 About 20-40% of patients with T2DM also have diabetic nephropathy, which is the major reason for renal failure in these patients. By contrast, chronic kidney disease (CKD) also complicates T2DM treatment since some drugs are not appropriate in CKD.
With the ability to promote insulin secretion in a glucose-dependent manner, glucagon-like peptide-1 (GLP-1) and its receptor agonist PEX168 is a 44.2-kDa long-acting GLP-1RA that is obtained by modifying the chemical structure of exendin-4 on the 2 nd (glycine alanine), 14 th (methionine norleucine), 28 th (asparagine glutamine) and 39 th (serine cysteine) N-terminal positions, in addition to modification of the branched polyethylene glycol. Available data suggest that compared to exenatide, PEX168 can further resist rapid degradation by DPP-4 and might reduce toxicity and antigen immunity, possibly leading to longer half-life and acting duration, increased bioavailability, and enhanced treatment effects. With longer dosing interval and fewer dosing times, patient compliance could be potentially improved with PEX168. Previous studies showed that long-term administration of PEX168 at 100-200 μg not only significantly improves haemoglobin A1c levels and fasting and postprandial blood glucose concentrations in T2DM patients, but also has better safety and tolerability than the 300-μg regimen.
Our preclinical study shows that the kidney is the major excretion organ of PEX168. Renal impairment could alter the pharmacokinetics of PEX168, and in turn affect its efficacy and safety. Given that the use of PEX168 in patients with diabetic nephropathy and diabetic patients complicated with kidney diseases is a long-term regimen, the aim of the present study was to assess whether or not it is necessary to adjust the dose of PEX168 for patients with renal impairment (ClinicalTrials.org #NCT02467790).
| METHODS

| Study design and subjects
This was a single-centre, open-labelled, parallel-group, single-dose, phase I clinical trial of patients with mild and moderate renal impairment, and with or without T2DM (ClinicalTrials.org # NCT02467790).
After the initial enrolment, age-, sex-and body mass index-matched (as far as possible) subjects with normal renal function, and with or without T2DM were recruited as controls. The study was approved by the Ethics Committees of each centre and was in line with the Helsinki Declaration and the Good Clinical Practice. All patients provided signed informed consent before participation.
The inclusion criteria for the patients with renal impairment were: age 31-65 years, with or without T2DM; ≥50 kg for males, ≥45 kg for females, body mass index 18-28 kg/m 2 ; CKD stage 2 (Cockcroft-Gault creatinine clearance [CLcr] 60-89 mL/min) or 3 (CLcr 30-59 mL/min), using the Kidney Disease Outcomes Quality Initiative classification; agreed to quit smoking, alcohol, caffeine and fruit juice from 48 hours before the trial to the end of the trial; and understood the study protocols and methods. The inclusion criteria for controls were: age 31-65 years, with or without T2DM; ≥50 kg for males, ≥45 kg for females, body mass index 18-28 kg/m 2 ; CLcr ≥90 mL/min; agreed to quit smoking, alcohol, caffeine and fruit juice
What is already known about this subject
• Diabetes mellitus (DM) is commonly complicated by renal impairment.
• Polyethylene glycol loxenatide (PEX168) is a novel longacting glucagon-like peptide-1 receptor agonist for type 2 DM.
What this study adds
• In vivo clearance rate of PEX168 in subjects with moderate renal impairment is slower than in subjects with normal or mildly impaired renal function.
• The adverse events were mainly mild systemic and gastrointestinal symptoms.
• Dose reduction might be required for patients with moderate renal function impairment. from 48 hours before the trial to the end of the trial; and understood the study protocols and methods. The exclusion criteria for the patients with renal impairment were: allergy to GLP-1 agents or history of GLP-1RA, GLP-1 analogue, DPP-4 inhibitor or any other agents with similar structures; acute diseases involving any other organs or any chronic diseases that may affect the in vivo process of the study drug, other than renal impairment; history of any surgeries within 6 months; blood donation of ≥400 mL within 3 months or blood transfusion within 1 month; participation in any clinical trial within 3 months; alcohol, tobacco, drug or substance abuse; abnormal laboratory results with clinical significance other than those caused by renal impairment; positive pregnancy test result, pregnancy, lactating or plan to be pregnant within 6 months, or those who could not use effective contraception during the trial; positive hepatitis B surface antigen, hepatitis C antibody, human immunodeficiency virus antibody, or syphilis antibody; or could not complete the trial or might be subjected to significant risks if they participated in the trial as considered by the investigators.
In addition to the above criteria, the additional exclusion criteria for the controls were: (i) history of chronic diseases involving the cardiovascular, neuropsychiatric, digestive, respiratory, urinary, endocrine, or the other systems before the screening; (ii) urea nitrogen > normal range; or (iii) positive for urinary protein.
| Intervention
Based on the results from the phase I pharmacokinetic (PK) trial of PEX168 in patients with T2DM and normal renal function, 12 PEX168 exhibits linear PK and the maximum effective dose is 200 μg/week with an acceptable safety profile; therefore, the dose selected for PEX168 in the present study was 200 μg. Eligible patients were transferred to the trial ward or the nephrology ward 1 day before dosing. On the dosing day, blank blood samples were harvested before dosing; after that, subjects received a single abdominal subcutaneous injection of PEX168 200 μg (0.5 mL: 0.2 mg, Jiangsu Hansoh Pharmaceutical Group Co., Ltd.) at 08:00. After the injection, all subjects immediately were asked to have the same standard breakfast and then received examinations and PK blood sampling at the wards. There were no requirements about water consumption before drug injection. Drugs lowering blood glucose, or known to affect blood glucose (e.g. oestrogens, oral contraceptives, phenytoin, niacin, sympathomimetics, thyroid drugs, soniazid, corticosteroids, growth hormone drugs, drugs that may cause weight loss, drugs known to cause adverse reactions to the gastrointestinal, drugs with common toxicity to major organs, and any drug deemed to interfere with the interpretation of the efficacy and safety of PEX168) track were prohibited during the study period.
PK blood sampling (3 mL) was conducted just before dosing (day 1) and at 24 hours (day 2), 48 hours (day 3), 72 hours (day 4), 96 hours (day 5), 120 hours (day 6), 144 hours (day 7), 216 hours (day 10), 312 hours (day 14), 480 hours (day 21), 648 hours (day 28) and 720 hours (day 31) after dosing. Blood samples were collected in coagulation tubes. After centrifugation, the serum samples were stored at −20 or -70 C until analysis.
| Measurement of PEX168
Concentrations of PEX168 in the serum samples were determined by enzyme-linked immunosorbent assay (ELISA, Covens Pharmaceutical R&D [Shanghai] Co., Ltd.). The range of the calibrated standard curve concentrations was 12.50-800.00 ng/mL and a 4-parameter logistic model with a weight coefficient of 1/Y 2 was used for the nonlinear regression analysis. The lower limit of quantification (LLOQ) of PEX168 was 12.50 ng/mL. All sample concentrations below the LLOQ were recorded as below the limit of quantification (BLQ). The between-day measurement accuracy of the quality control (QC) concentrations was expressed as % bias and ranged from −3.5 to 3.4% for low-(32.00 ng/mL), moderate-(160 ng/mL) and high-concentration (640 ng/mL) QC samples. The between-day measurement precision of the QC sample concentrations was expressed as coefficient of variation (CV%) and were no higher than 19.6% for low-, moderate-, and high-concentration QC samples. 
| Endpoints and evaluation
| Safety
The safety evaluation during the trial was based on monitoring 
| Statistical analysis
Continuous data were expressed as means ± standard deviation or medians (range), as appropriate. Categorical data were expressed as number of cases (n) and percentage. Statistical analysis was performed using SAS 9.4 (SAS Institute, Cary, NY, USA). Two-sided P-values <.05
were considered statistically significant.
The PK analysis was based on the time-dependent or logarithmic plot of blood PEX168 concentration. Results of the main PK parameters from the analysis for the concentration-time curves of the 3 groups were summarized as n, mean, standard deviation, CV, geometric mean and geometric CV. Variance analysis for the AUC 0-inf and C max of PEX168 from the 3 groups was conducted after logarithmical conversion. If the 90% confidence intervals (CIs) of the geometric mean ratios of AUC 0-inf and C max from the renal impairment group to the of normal renal function group fell within the 0.80 and 1.25 boundaries, the PK changes of the 2 groups were deemed as the same. The PK analysis data set included all subjects who used the study drug, had available data for postdosing PK evaluation, and did not have significant protocol deviation affecting the PK analysis. The safety analysis data set included all subjects who used the study drug and had available data for postdosing safety evaluation.
| Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked to corresponding entries in http://www.guidetopharmacology.org, the common portal for data from the IUPHAR/BPS Guide to PHARMACOLOGY, 13 and are permanently achieved in the Concise Guide to PHARMACOLOGY 2017/2018. 14 
| RESULTS
| Subjects
Of the 94 subjects who were initially screened, 26 (22 males and 4 females) were enrolled, including 10 subjects with normal renal function and 8 each with mild and moderate renal impairment. Table 1 lists their demographic data. Apart from age, all the baseline characteristics were comparable among the groups. Except for 3 T2DM patients in the mild renal impairment group, all other subjects were nondiabetic.
A total of 25 subjects (22 males and 3 females) completed the study and 23 were included in the PK analysis. Reasons for exclusion from PK analysis included wrong enrolment in the normal renal function group (n = 2, CLcr <90 mL/min) and voluntary withdrawal due to a serious AE (SAE, n = 1, with moderate renal dysfunction).
| PK
The PK parameters and the geometric mean concentration-time profiles following subcutaneous administration are shown in Table 2 and groups. Accordingly, the mean t 1/2 (163 hours) in the moderate impairment group was prolonged compared to the mild impairment (117 hours) and normal groups (121 hours). Compared to the normal group, the in vivo median PEX168 T max in the mild impairment group was increased from 96 to 120 hours, the AUC 0-inf was only increased by 13.1% (estimated ratio: 113% [90%CI: 82.1%-156%]) and the C max was reduced by 14.3% (85.6% [90%CI: 61.5%-119%]). Compared to the normal group, the in vivo median PEX168 T max in the moderate impairment group was increased from 96 to 144 hours, the AUC 0-inf was increased by 100.7% (estimated ratio: 201% [90%CI: 144%-280%]), and the C max is increased by 29.1% (estimated ratio: 129%
[90%CI: 91.7%-182%]; Table 3 ).
| Safety
Treatment-emergent AEs and all-cause AEs are shown in Table 4 and Supplementary Table S1 , respectively. The overall occurrence of AEs didn't increase with increased degree of renal function impairment. Results from studies on GLP-1 analogues such as exenatide, liraglutide, albiglutide, and dulaglutide show that mild or moderate renal impairment does not significantly affect their in vivo PK and that no dose adjustment is required. By contrast, a study showed that the usual doses of exenatide were not appropriate for patients with severe renal impairment and end-stage kidney disease. 20 Our results showed that mild renal impairment has little impact on the PK profiles of PEX168. However, moderate renal impairment decreased the clearance rate of PEX168 and significantly increased subject exposure to PEX168. Compared with subjects with normal renal function, AUC 0inf and C max were increased by 100.7 and 29.1% respectively in subjects with moderate renal impairment.
T A B L E 1 Baseline characteristics
In terms of safety, PEX168 was in general well-tolerated in patients after subcutaneous injection of 125 I-Tyr-PEX-168 (50.0 μg/rat), the radioactive agent was mainly excreted from the urine and faeces, with >82% of the injected radioactivity excreted within 264 hours. Furthermore, the differences between men and women are unknown, with only a few women included in the present study. Finally, 2 subjects were incorrectly enrolled and had to be excluded in the PK analysis.
In vivo clearance rate of PEX168 in subjects with moderate renal impairment is slower than in subjects with normal or mildly impaired renal function. The AEs were mainly mild systemic and gastrointestinal symptoms. Dose reduction might be required for patients with moderate renal function impairment.
